INTRODUCTION



Dentin bonding requires a conditioner, a primed arbonding agent. Traditional
(etch/rinse) dentin bonding agents consist of sgpasteps to condition, prime, and bond.
The newest self-etching/self-adhesive systems aoerddi of the agents in one step. The
traditional system requires rinsing after conditngn This exposes the collagen of the
demineralized dentin. The primer and the bondgenss then penetrate the surface and
create a resin-dentin hybrid layer. This zoneesfir diffusion provides predominantly
micro-mechanical bonding of the resin to the denfmoblems with bonding may arise if
there is inadequate penetration of the primer amtling agent due to deep
demineralization, collagen collapse from desicegtar an over wet substrate leading to
a compromised bond. The combination of componainds adhesive system into one
step minimizes the potential for these problemie primer and bonding agent
penetrates at the same time and is limited by ém¢hdof the acidic primer
demineralizatior. The smear layer is dissolved and becomes incarpainto the
hybrid layer. This incorporation of the smear laiygo the hybrid layer may weaken the
bond. The etch and rinse systems have a longerisf use and also yield higher
enamel bond strengths compared to the newer s#ifrgiself-adhesive systerhis.
However, recently, there have been some indicativaisthe bond strengths and other
mechanical properties of some self-etching/selfeadte systems approach those of the
etch and rinse systems in denitifi® Laboratory testing is used to determining the
differences in some mechanical properties that imifyence clinical performance, and

thus, provide knowledge to help aid in materiagsgbn’ °

The luting of indirect dental restorations is dical step in determining their

success. There are many options to choose from aéeding what type of luting agent



to use. The newest options include the so-calleavérsal” self-etching/self-adhesive
resin luting agents, which claim to be suitabledibtypes of indirect restorations (metal,
composite, and porcelain inlays, onlays, crownisiges and endodontic posts), except
for veneers, without the need for additional enddesitin adhesives. This subgroup was
introduced in 2002 with RelyX Unicem (3M ESPE). elgoal in the development of
these newer self-etching/self-adhesive resin lugigents is to combine the easy handling
of glass ionomer luting cements, requiring no peatiment of tooth structure, with the
increased mechanical properties of traditionakrésing agents The ease-of-use is
appealing to the practitioner because of a decdeaseber of steps and a wide range of
applications of use. With the simplified applicatiprocedure, there is also a decrease in
the technique-sensitivity of the procedlireCompared to other traditional resin luting
agents which require an additional etch and riteye, shese self-etching/self-adhesive
luting agents contain the necessary chemical coemgenn one product. They do not
remove the smear layer, but incorporate it intocément, as compared to having the
smear layer completely removed and rinsed aways ffilechanism decreases patient
discomfort because the smear layer is incorponatéte dentin/resin hybrid layer, thus

not exposing dentinal tubulés™

The mechanical properties of resin luting agergsganerally superior to those of
the newer self-etching/self-adhesive luting agénts:™*® This leads to the choice of
possibly having to sacrifice mechanical propertieghe benefit of patient sensitivity
issues. Ideally, if the mechanical propertieshef $elf-etching/self-adhesive luting
agents are comparable to etch and rinse resimglatyents, then it may be worth making

a change in material selection for certain clingialations.



The objective of this study was to test some mechhproperties of four of these
self-etching/self-adhesive resin luting agents emtpare them to a traditional resin
luting agent and a resin-modified glass ionomengutement, both of which have longer
histories of clinical succes®ll four of the self-etching/self-adhesive resitithg agents
are expected to have similar mechanisms for bondBygcomparing the mechanical
properties of the newer luting agents to the casittbe objective was to determine the
potential for clinical success of the newer lutaggents. If the newer, easier to use luting
agents, that reportedly decrease post-operativ@tsély, can show similar properties to
the traditional resin luting agents, then their oy not involve a compromise between

strength, patient comfort, and ease of application.

The mechanical properties tested were flexurahgtreand shear bond strength.
The flexural strength of a specimen is an indicatbthe mechanical strength of a
material and is useful for assessing the propdrbyitile materials. The failure potential
of restorations under functional stress is relébeithe mechanical properties of individual
components, and flexural strength indicates thktyabif a cement to resist stress without
fracture® The flexural strength test included making regtaar beams of each material,
storing them in water for periods of time (24 hoansl 90 days} **and then performing
a three-point bending test on a universal testinaghime. The 90 day groups were

thermocycled to simulate accelerated aging of geeisnens through thermal fatigtfe.

The shear bond strength of a material is the fpezeunit area required to break
the bond of the material. The resulting test vahakcates how strong the bond wis.
The shear bond strength test involved preparingamumolar specimens, making flat

dentin surfaces. Composite cylinders were faletand were cemented to the dentin



surfaces with each of the materials to be testéte specimens were then stored in water
for two different periods of time, 24 hours or %yd, and then a knife edge shear test

was performed on a universal testing machine. 9theéay groups were thermocycled.

A Weibull-distribution survival analysis was penfioed to compare the different
cement products at the different time periods. uRgsre reported with and without

adjustments for multiple comparisons at a 5% sigaiice level.

The purpose of this study was to test the mechbpiogerties of flexural
strength and shear bond strength of four self-atgbelf-adhesive resin luting agents.
These were compared to control luting agents wltimger history of use, including a

traditional resin luting agent and a resin-modifigalss ionomer luting cement.

The first null hypothesis was that the self-etcksetf-adhesive luting agents and

the controls would have no difference in flexutaésgth at 24 hours or 90 days.

The second null hypothesis was that the self-stgbelf-adhesive luting agents

and the controls would have no difference in shead strength at 24 hours or 90 days.

The first alternative hypothesis was that the s#tfing/self-adhesive luting

agents would have different flexural strengths carag to the controls.

The second alternative hypothesis was that theesehing/self-adhesive luting

agents would have different shear bond strengtimgpaced to the controls.



REVIEW OF LITERATURE



FLEXURAL STRENGTH

In 2003 Piwowarczyk and Ladgsublished the results of a study comparing the
flexural strength, after water storage, of 12 ddfe luting agents from different material
classes. Included in the material classes teséed two zinc phosphate cements, two
glass ionomer luting cements, three resin-modigkeds ionomer luting cements, four
resin luting agents, and one self-adhesive uniVeesan luting agent. Groups of
materials were stored in distilled water at 379 tested after either 24 hours or 150
days. The resin luting agents had the highesufstrengths. The self-adhesive
universal resin luting agent was statistically sger than the resin-modified glass
ionomer, glass ionomer, and zinc phosphate cememtsot as strong as the other resin
luting agents. The self-adhesive universal ragiimd agent showed a significant

decrease in strength between the 24 hour and thddybtesting groups.

A 2008 report published by Saskalauskaite, 2tested the flexural strength of
three self-etching resin, two conventional resiid awo resin-modified glass ionomer
luting agents and compared the results. They f@utethdency of the self-etching resin
luting agents to show similar flexural strengthshte conventional resin luting agents
after 24 hours storage at 37°C. The resin-moddglads ionomer luting cements had

significantly lower flexural strengths.
SHEAR BOND STRENGTH

In 2004 Piwowarczyk, et &f.published a study that evaluated the shear bond
strength of several luting agents to gold allogifierent ceramic materials. Luting

agents tested were a zinc phosphate cement, tws iglaomer cements, three resin-



modified glass ionomer cements, four resin lutiggrds, and a self-adhesive resin luting
agent. Pre-polymerized resin composite cylindesevbonded to the prosthodontic
materials using each of the luting agents. Matetkat had dual cure options were tested
separately as self-cured and light-cured groupius of specimens were tested after 30
minutes and others were tested after 14 days amchttycling. The highest shear bond
strength values to gold alloys, aluminum oxide wecs, and pressable ceramics, were
exhibited by the self-adhesive luting agent. Ldwas bond strengths were noted after
only 30 minutes. The bond strengths of the rading agents were significantly higher
than the zinc phosphate, glass ionomer, and reetfifidd glass ionomer luting agents
after 14 days and thermocycling. Light polymeiimatresulted in improvement of bond

strengths compared to autopolymerization alone.

Abo-Hamar, et af.published a study in 2005 which assessed the Soear
strength of a universal self-adhesive resin luéiggnt, and compared it to three
conventional resin luting agents and a glass iomoatieg cement. The groups were
stored in distilled water at 37°C and tested adittrer 24 hours or after being
thermocycled. The bond strength of the universtitadhesive resin luting agent to
dentin was not significantly different from the irekiting agents, but was statistically
greater than the glass ionomer luting cement. rAftermocycling, the universal self-
adhesive resin luting agent showed significantghler bond strength than two of the
resin luting agents and the glass ionomer lutingerd, but was significantly lower than
the other one resin luting agent. The bond stretaqgenamel, before and after
thermocycling, was significantly lower than theindsiting agents, but still higher than

the glass ionomer luting cement. After thermoagyglithe bond strength to enamel was



significantly lower than to dentin for the universalf-adhesive resin luting agent and the
glass ionomer luting cement. It was suggestediticauld be used for luting ceramic
crowns when there was little or no enamel, but matybe an ideal material for luting

inlays or partial coverage crowns that have a it amount of enamel remaining.

In 2007 Piwowarczyk, et dlpublished a study to examine the long-term adnesio
of dual-polymerizing resin-based luting agentsimhin dentin. Five resin luting agents,
one compomer, and one self-adhesive universalgatgent were used to bond pre-cured
composite to dentin surfaces and stored in wat874E for 150 days. Half of the
specimens were thermocycled. Another subgrougibfofi the specimens was dual-
polymerized with light activation. Shear bond st testing was performed on the
specimens. The results led to the conclusionliyiat polymerization had a significant
effect by increasing bond strengths compared topalymerization alone. Also,
thermocycling had a significant effect by decregshre bond strengths compared to the
groups that did not experience thermocycling. iifa mode analysis revealed that most
fractures occurred adhesively at the dentin-cenmé@tface. The self-adhesive resin
luting agent exhibited comparable bond strengthikecetch and rinse systems tested, on
both the thermocycled and non-thermocycled groupalso showed significantly greater

bond strength compared to the compomer luting agent

A shear bond strength to dentin evaluation wasernted in 2008 by Holderegger,
et al*? A universal, self-etching/self-adhesive resiingtagent was compared to three
conventional resin luting agents. This study usemdifferent testing centers and pooled
data. Prepared specimens were stored in wat@dfbours. Half were thermocycled for

1500 cycles between 5°C and 55°C. The shearemdts showed that the self-
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etching/self-adhesive resin luting agent had thveki bond strength. After
thermocycling, all of the resin luting agents shdwlecreases in shear bond strengths.
However, the self-etching/self-adhesive resin yaigent showed the least influence by

the thermocycling, yet was still lower overall.

In 2009, a shear bond strength evaluation wastepby Luhrs, et a° The
study compared bond strengths of four self-adhasisia luting agents and two
conventional resin luting agents to lithium disalie ceramic and enamel or dentin. The
ceramics were pre-treated by sandblasting withra0AlkOs, hydrofluoric acid etching,
and silanation prior to the application of the églstesin luting agents. The specimens
were light cured, and then stored in distilled wébe 24 hours at 37°C. Failure modes
were also evaluated. Overall, it was concludettti@self-adhesive resin luting agents

were inferior to the conventional resin luting atgen
MICROTENSILE BOND STRENGTH

Microtensile bond strength of a self-adhesive agent was tested and
compared to an etch and rinse luting system. Deluet al>compared the two types of
luting agents to both enamel and dentin, and tekt=delf-adhesive agent with and
without prior acid etching. The bonded specimersevstored in water for 24 hours prior
to testing. The bond strength to enamel was saamfly greater for the etch and rinse
luting agent, but the bond strength to dentin rlackao significant difference, compared
to the self-adhesive luting agent. When acid etgvér to using the self-adhesive luting
agent, the enamel bond strength was raised t@tet of the etch and rinse luting agent,

but a detrimental effect was noted for the dentindbstrength.
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Goracci, et af.did a microtensile bond strength study in 2006 kbaked at bond
strengths to both enamel and dentin. RelyX Uni¢gh ESPE) and Maxcem (Kerr)
were compared to Panavia F (Kuraray). For adhdsi@mamel, the Panavia group had
significantly greater bond strength than RelyX Wémic both of which had significantly
greater bond strength than Maxcem. For adhesiderttin, no significant differences in
bond strength were found between the Panavia anBehyX Unicem groups, and they
both significantly outperformed the Maxcem grolgranning Electron Microscope
(SEM) observations were made and it was concluldaidthe application of RelyX

Unicem or Maxcem did not result in the formatioradiybrid layer in dentin.

A 2007 study, published by Hikita et Akested the bonding effectiveness of
adhesive luting agents to enamel and dentin. dii#erent resin luting agents, including
a self-adhesive, were used to lute composite merks to human molars. They were
then stored for 24 hours in water at 37°C. Miansile bond strength testing was
performed. The authors also created experimenvalpg that pretreated the tooth
surface, with the use of etchants, as an additistegl for use with the self-adhesive resin
luting agent. Pre-etching, in combination with tlee of the self-adhesive resin luting
agent, produced a greater bond strength to enduned, weaker bond strength to dentin,
compared to just applying the self-adhesive rading agent as directed by the
manufacturer. Fracture analysis, for both enameéldentin specimens, determined that
most of these weakly bonded specimens failed adélgsat the cement-tooth interface.
Overall, the authors concluded that etch and rissk.etching, and self adhesive luting
agents were equally effective in bonding to enaanel dentin, but only on the condition

that a correct adhesive procedure was carried out.
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In 2009 D'Arcangelo, et & published a study that evaluated the microtensile
bond strength of dentin to either indirect resisdzhcomposites or ceramic restorations.
It compared two etch and rinse luting agents, faetehing luting system, and a self-
adhesive luting agent. A SEM evaluation was dongetermine the mode of fracture. It
was concluded that etch and rinse luting agents hawe reliable bonding than self-
etching/self-adhesive luting agents, when evalgdtie interface between dentin and
indirect resin. Alternatively, the self-adhesiuéing agent used in the study, RelyX
Unicem (3M ESPE), showed higher microtensile bstnength to glass ceramic disks,
suggesting that maybe self-etching/self-adhesitredagents may be preferred when

cementing glass ceramics, but not for resin-basetposites.
RETENTIVE STRENGTH

Zidan and Fergusofireported in 2003 that conventional resin lutingretg
provide the greatest bonding ability of indirecttorations, particularly when required on
over-tapered preparations, compared to zinc phos@ma glass ionomer luting cements.
High noble metal crowns were luted on preparatiomis tapers of 6-degrees, 12-degrees,
or 24-degrees. The 24-degree tapered preparateressignificantly different in
retentive strength compared to the 6-degree ardkf@e preparations. The resin luting
agents yielded retentive values that were doulgedhzinc phosphate or conventional

glass ionomer luting cements.
MARGINAL INTEGRITY

The luting of porcelain inlays by using eitherletnd rinse luting agents or self-

etching luting agents was evaluated by Frankenbeegel™! in 2008. Four etch and
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rinse systems were used and compared to five sdling systems. MOD preparations
were made on extracted human molars, with oneeoptbximal boxes below the
cementoenamel junction and the other terminatirenemel. Porcelain inlays were
fabricated and luted with each of the differeniigtsystems. The specimens were
thermocycled and marginal integrity was evaluatg®BM. Significantly higher
percentages of gap-free margins in enamel weralroteall of the etch and rinse
systems. For the margins on dentin, no significéiférence was noted between many of

the self-etching and etch and rinse systems.
PHYSICAL PROPERTIES

Han, et al? published a 2007 study in which four self-adhesesin luting
agents were tested for pH value, film thicknedkerfparticle percentage, and
morphological changes. Materials that had higleecgntages of filler particles had
greater film thickness. The pH values were measRfeseconds after light curing, as
well as at 90 seconds and 48 hours after mixingsuRs showed that there were
significant differences in the materials tested #rad might lead to a difference in

clinical performance.

Radovic, et af® published a literature review of self-adhesiv@mréuting agents
in 2008. There were oniwn vitro studies published at the time of the review agdeat
majority of the studies used RelyX Unicem (3M ESR#)ile a few used Maxcem
(Kerr). Categories of the studies summarized et adhesion to tooth structure
(enamel, dentin, and root dentin), adhesion toovarrestorative materials, mechanical

properties, as well as othersThe review concluded that the self-adhesive lutiggnts
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bond to dentin and restorative materials satisfdgtand comparably to other multistep
resin luting agents. However, the adhesion os#ikadhesive luting agents to enamel is

weaker than other resin luting agents.

CLINICAL STUDY

To date, a great majority of all of the researaloiving these newest self-
etching/self-adhesive resin luting agents has ldeeein vitro. An exception is a
prospective clinical trial by Behr, et @icomparing a self-adhesive resin luting agent,
RelyX Unicem (3M ESPE), to zinc phosphate ceméiatty nine patients received 49
metal-based restorations, randomly luted with drt@e previously mentioned luting
agents. Restorations were examined annually &ayuad, bleeding, and attachment.
During the observation time (mean: 38 months; rAigears; max: 4.5 years), no
restorations were lost or needed recementationttenself-adhesive resin luting agent

clinically performed as well as the zinc phosplament.



15

MATERIALS AND METHODS
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The materials used are listed in Table I. Fouretehing/self-adhesive luting
agents [Multilink Automix (Ivoclar Vivadent) ‘MA’Maxcem Elite (Kerr) ‘ME’, RelyX
Unicem (3M ESPE) ‘RU’, SmartCem 2 (Dentsply) ‘S@he conventional, etch and
rinse, resin luting agent [RelyX ARC (3M ESPE) ‘RAand one resin-reinforced glass
ionomer luting cement [Fuji Plus (GC) ‘FP’] werengpared. The materials were mixed
and dispensed according to manufacturer instrustiételyX ARC was packaged in a
pre-measured “clicker” that dispensed the propstegspaste ratio automatically and it
was hand-mixed using a spatula and mixing padi Ffug and RelyX Unicem were
packaged in capsules with pre-measured amounke gfroper ratio of powder and liquid
that was mixed in an amalgam triturator. MultiliAkitomix, Maxcem Elite and
SmartCem 2 were packaged in dual paste syringewaraldispensed through attached
mixing tips that ensured consistent and proper snofdhe paste-paste ratio. Multilink
Automix required the use of a self-etching prinaglding an additional step to the luting
procedure. RelyX ARC required separate stepstéirgy, rinsing, and
priming/bonding. The packaging for both the Mutitd Automix and the RelyX ARC

included its own additional items, including a sa¢éing agent.

FLEXURAL STRENGTH

The specimens for the flexural strength three-ploamding test were fabricated
according to ISO 4049, by placing the materiale mstainless steel split mold (Figure
1). The internal dimensions of the split mold w2r£0.1 mm deep X 2 £0.1 mm wide X
25 2 mm long. Polytetrafluoroethylene (PTFE) RekeAgent Dry Lubricant (Miller-
Stephenson Chemical Company, Inc., Danbury, CT)spesyed onto the stainless steel

mold. The release agent was thinned by a shadk dplast of Dust-Off Compressed Gas
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(Falcon Safety Products, Inc., Branchburg, NJglass slab and a Mylar strip were
placed beneath the mold. The tested luting ageats mixed according to manufacturer
instructions and placed into the mold slightly didedd. Another Mylar strip and glass
slide were placed on top and pressed firmly dowth fimger pressure to prevent
porosities from forming in the specimen. The speri was then light-cured through the
glass slide by three overlapping, 20 second cyatethe top and then turned over to cure
the opposite side of the specimen, using the OpWIGL 401 (Demetron Research Corp.,
Danbury, CT) halogen curing unit with an outputgamf 460-515 mW/cf as tested

with a Cure Rite visible curing light meter (Denisgaulk, Milford, DE). Excess
material was carefully trimmed with a scalpel blé§8gure 1), the specimens were
carefully removed from the mold, and lightly wetipbed on the edges with 400 and 600
grit Silicon Carbide (SiC) paper to ensure trueesdg The specimens were stored in
deionized water at 37°C. After 24 hours, 15 speosof each group were tested on a
MTS Sintech ReNew 1123 universal testing machin€$Nbystems Corporation, St.
Paul, MN) using a three-point bending test. AlE®of the specimens of each group
remained stored in deionized water at 37°C befodeadter thermocycling. The
thermocycling was begun 14 days after specimengpagipn and consisted of 2500
cycles between 6 and 48°C with a 30 second dwed &ind a 10 second transit tifie?>
After the designated time periods, and prior ttings the height and width of each
specimen was measured using a digital micromdike mean of three measurements,
for both width and thickness, was used in the datmns of the flexural strength. Those
measurements were entered into the program argpdeemens were placed on the

testing apparatus. A three-point bending jig witacaed to the testing machine and
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connected to a computer with a software programst(Wéorks 4.0, MTS Systems
Corporation, St. Paul, MN) that controlled the itegimachine and recorded the data for
each specimen. The set up included two lower tloatswere 20 mm apart and an upper
rod that applied the load. That upper rod waseredtbetween the two lower rods
(Figure 2). The test was carried out using a chessl speed of 1 mm/min. Flexural
strength values were recorded for statistical aislyThe following equation was used to

determine flexural strength, the maximum stressteefracture, in Megapascals (MPa):
Stress = 3 x Load x Length/ (2 x Width x Thickrfgss

where the length was the distance between the lswgrort rods (20mm), width was the

mean specimen width, and thickness was the meainsge height*

Fifteen specimens of each group of luting agenevpeepared for the 24 hour
testing group and 15 specimens per group werepaégmared for the 90 day testing
group. There were a total of 12 groups in theutekstrength test. (24hr MA, 24hr SC,
24hr RU, 24hr ME, 24hr FP, 24hr RA, 90day MA, 90&1y, 90day RU, 90day ME,

90day FP, 90day RA)
SHEAR BOND STRENGTH

Human molar teeth were prepared for bonding. Caitgoesin cylinders of a
standard diameter were prepared and the tested lagents were cemented to the dentin
surface€ The dentin shear bond strength test was basé8®r11405. The resin

cylinders were luted to the teeth, and then storetkionized water at 37°C.
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Extracted, non-carious, and restoration-free humalar teeth stored in 0.1%
thymol solution were used. A flat dentin bondingface was prepared on the occlusal
surface by removing the cusps and grooves on therh& L'il Trimmer cutting machine
(Lapcratt, Inc., Powell, OH) (Figure 3). The flatdrtions were wet sanded using 240 and
320 grit SiC paper. The dentin surfaces were pldle¢ down on a Mylar sheet. Plastic
cylinders (approx 15-16 mm internal diameter and20nm tall) were placed over and
around each tooth. The teeth were mounted inytheders by using Fastray (Bosworth
Company, Skokie, IL) self-curing acrylic resin (&rg 3). The acrylic resin was mixed
and poured into the cylinders until it completebyvered the tooth and filled the cylinder.
After the acrylic resin had set, any excess mdtesma removed, and the teeth were
polished by using 400 and 600 grit SiC paper. Jpeximens were placed in deionized
water and refrigerated at 5°C until the resin dgirs were luted to the dentin prior to the

shear bond strength testing.

The indirect resin cylinders were fabricated bedily placing the material
(Premise Indirect, Kerr Corporation, Orange, CAdia metal split mold that formed
4mm diameter resin cylinders. PTFE Release AgeyntDbricant (Miller-Stephenson
Chemical Company, Inc.) was sprayed onto the stsénsteel mold. After directly
packing the material into the mold, initial polynzation was initiated by using the
Optilux VCL 401 (Demetron Research Corp.) halogering unit on the visible end of
the material for 20 seconds, as recommended bypémeifacturer. The mold was opened
and then additional curing was done from the neaxiyosed side. Final polymerization
occurred in the Premise Indirect HP curing unitrgleorporation, Orange, CA) for 20

minutes under a nitrogen atmosphere at 60 psi aechperature of 138°C (Figure 4).
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The bonding surfaces of the composite cylindergeweughened by sandblasting,
followed by silanation to enhance the retentiomieein the resin luting agents and the
indirect composité® The Premise Indirect specimens were mounted dnlayers of red
boxing wax to hold them in place and expose thallmgnsurfaces. The surface was
sandblasted with 50pm &Dz.%°> The resin cylinders were removed from the wax and
remaining wax was removed from the sides with #&staThe cylinders were then
rinsed off with deionized water. Finally, they weslaced in an ultrasonic bath for two
minutes, dried, and stored until they were lutethwpreviously prepared dentin

surfaces, using the tested luting agents.

The resin cylinders were luted with each of théitgsgroups to the previously

prepared dentin surfaces as described below:

FP: Just prior to luting, the resin cylinders wsitanated using Ultradent Silane
(Ultradent Products, Inc., South Jordan, UT) atalnsdd to dry. The tooth specimens
were rinsed with deionized water for 5 seconds,tard the excess water was blotted
with a gauze square, leaving a moist surface, eotowdry. The FP capsule was
activated and mixed for 10 seconds on high in aBr@dDentsply Caulk) model 400

triturator. The luting agent was then dispenseduh the tip of the capsule.

ME: Just prior to luting, the resin cylinders werkanated using Ultradent Silane
(Ultradent Products, Inc.) and allowed to dry. Theth specimens were rinsed with
deionized water for 5 seconds, and then the exeats was blotted with a gauze square,
leaving a moist surface, not wet or dry. The lgtagent was dispensed through the

mixing tip.
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SC: Just prior to luting, the resin cylinders wsitanated using Ultradent Silane
(Ultradent Products, Inc.) and allowed to dry. Theth specimens were rinsed with
deionized water for 5 seconds, and then the exeats was blotted with a gauze square,
leaving a moist surface, not wet or dry. The lgtagent was dispensed through the

mixing tip.

RU: Just prior to luting, the resin cylinders weilanated using Ultradent Silane
(Ultradent Products, Inc.) and allowed to dry. Toeth specimens were rinsed with
deionized water for 5 seconds, and then the exgats was blotted with a gauze square,
leaving a moist surface, not wet or dry. The RWxMap capsule was activated and
mixed for 15 seconds on high in a ProMix (Dentgpiulk) model 400 triturator. The

luting agent was then dispensed through the tihe@tapsule.

MA: Just prior to luting, the resin cylinders wesianated using Monobond S
(Ivoclar Vivadent) and allowed to dry. The tooffesimens were rinsed with deionized
water for 5 seconds, and then the excess wateblMted with a gauze square, leaving a
moist surface, not wet or dry. A 1:1 mix of Muhik Primer A and B (lvoclar Vivadent)
was applied to the tooth with a microbrush undghslpressure for 15 seconds. It was

lightly air dried for 5 seconds. The luting agers dispensed through its mixing tip.

RA: Just prior to luting, the resin cylinders werkanated using RelyX Ceramic
Primer (3M ESPE) and allowed to dry. The toothcapens were etched with
phosphoric acid, Scotchbond Etchant (3M ESPE)15oseconds, rinsed with deionized
water for 10 seconds, and then the excess watebltied with a gauze square, leaving

a moist surface, not wet or dry. Two coats of adles Adper Single Bond Plus (3M
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ESPE), were placed for 15 seconds each with gagttation. The adhesive was light
cured for 10 seconds. The luting agent was digzefrem its “clicker” dispenser, onto a

mixing pad and hand mixed with a plastic spatutalfdseconds.

Each material was mixed, and applied to the caitggs bonding surface, then
seated on the dentin surface of the tooth specimestandard 1 kg load was placed to
secure the resin cylinders while the excess cemastremoved from around the luted
interface (Figure 5). After the excess was remotlegl margins were light cured for 30
seconds. The teeth and bonded restoration cony@sxhen removed from under the
load and additional curing was done on the lab béoade sure to get access to the parts
that might not have been adequately photoinitidiesito limited access with the load in
place. A final removal of cured excess cement eaasfully accomplished using a

scalpel blade.

Upon completion of luting the resin cylinders te thentin surfaces, half of each
group of test material samples were placed in desohwater at 37°C for 24 hours and
the other half for 90 days and thermocycling. $pecimens were stored in deionized
water before and after thermocycling. The thernaboyg was begun 14 days after
specimen preparation and consisted of 2500 cyesgden 6 and 48°C with a 30 second

dwell time and a 10 second transit time.

After the designated periods of time, and priategting, the diameter of each
luted resin cylinder specimen was measured usaigitl micrometer. The mean of
three measurements was used to enter into the ¢enfputhe calculations of flexural

strength. The specimens were tested on the MTfdgarachine. The cylinder molds
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were placed in a special holder, attached to tesiary base of the MTS. The long axis
of each resin cylinder was perpendicular to theddhat was applied. A stainless steel
ring with a knife-edged inner circumference waspaed to the flat surface of the
specimen at the interface of the composite cylirzahel the dentin surface. The stainless
steel ring was attached via a chain to the 125M &l on the MTS (Figure 6). The
specimen was loaded by a shear force with a cread-Bpeed of 1 mm/min until the
fracture occurred. The shear bond strength wasrgddt on the computer with the
software program (Test-Works 4.0, MTS Systems Capan, St. Paul, MN). The
values were recorded for statistical analysis. fblewing equation was used to
determine shear bond strength, the maximum stefssebdebonding, in Megapascals

(MPa):
Stress = Load/(x Diameter)
where the diameter was the mean of the specimemetia®

Twenty four specimens of each group of luting agesrte prepared for the 24
hour testing group and also for the 90 day tesijnogip. There were a total of 12 groups
in the shear bond strength test. (24hr MA, 24hr 31y RU, 24hr ME, 24hr FP, 24hr

RA, 90day MA, 90day SC, 90day RU, 90day ME, 90dRy $0day RA).

STATISTICAL METHODS

Because some shear bond strength specimens deluedeaturely, comparisons
between the treatment combinations for differemadiexural strength and shear bond
strength were performed using a Weibull distribatsorvival analysis, using the force

required for bond failure in place of the usuahti to event’ seen in typical survival
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analyses. Shear bond strength specimens that deth@efore placement on the testing
machine were accommodated in the survival analgsidel as left-censored
observations, and specimens that did not debowod farthe end of testing were
accommodated as right-censored observations.stitatianalyses were performed using
S-PLUS version 8.1 (TIBCO Software Inc., Palo AlA) and R version 2.8.0 (The R
Project for Statistical Computing, http://www.r-pgot.org/).

Shear bond strength results can show considerablgtion, and may not be
normally distributed. When that is the case, abWkdistribution can relate the
probability of failure at a certain stress levélallows for predicting the likelihood of
failure of a material at low stress valif&sThe probability of failure (f of a specimen
from a group of N specimens is given by:

Pr=n/ (N + 1)
where n is the ranking number of the specimen. speeimens are ranked from weakest
to strongest (1 to N

For consistency, a Weibull distribution was alsed in the analysis of flexural
strength data. It has been shown that the distoibdunction can also be accurately
fitted to data from three-point bend te$ts.

The Weibull Characteristic Strength is the streragtivhich 63.2% of the
specimens in a group failed (36.8% had still sidivmeaning that they remained
unbroken/not debondedJ?® For the bond strength summary statistics, spetirtieat
debonded prematurely were given a value of 0.0%adcount for the debonded
specimens, a value needed to be assigned thatreateigthan 0.00 and lower than the

lowest tested value, 0.1.
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Based on the data collected in previous dental maéddab studies using the same
testing methods, the flexural strength measurenveeits expected to range between 80-
100 MPa with a standard deviation in the 10-15 vi#Paye®® and the shear bond strength
measurements were expected to range between 13220nih a standard deviation in
the range of 6-7 MPE. With a sample size of 15 specimens per treate@mbination
(180 total) for the flexural strength comparisahg, study would have 80% power to
detect a difference of 15.9 MPa between any twatitnent combinations, assuming a
two-sided test at a 5% significance level for east. With a sample size of 20
specimens per treatment combination (240 totaljifershear bond strength comparisons,
the study would have 80% power to detect a diffeeest 6.4 MPa between any two
treatment combinations, assuming a two-sided tes6&o significance level for each

test.
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RESULTS
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FLEXURAL STRENGTH

The mean values and standard deviations are shoWwabile Il. The
characteristic flexural strength of Weibull distrton is shown in Table Ill. Tables IV
and V show the inter-group differences for the diet strength comparisons at 24 hours
and 90 days, respectively. Figure 7 shows thenas#id survival function of the groups
at various flexural strengths using the individolaservations, while Figure 8 shows the
estimated survival function curves based on thebwemodel.

The groups listed in decreasing order of flexutargyth at 24 hours were: MA >
RA > SC > ME > RU > FP. All groups were signifitigrdifferent (p<0.05). The
groups listed in decreasing order of flexural ggtbrat 90 days were: MA > RA > SC >
RU > ME > FP. Only one pair was not significardifferent, SC 90d & RA 90d
(p=0.2010).

MA had the highest flexural strength at 24 hours 8@ days with thermocycling,
followed by RA and SC. FP had the lowest flexste¢ngth at both 24 hours and 90
days with thermocycling.

All of the luting agents tested, with the exceptadrP, showed significant
effects of thermocycling and extended water stotage, with a decrease in flexural
strength. FP (p<0.0001) showed a significant iasedn flexural strength between 24
hours and 90 days.

SHEAR BOND STRENGTH

Mean values and standard deviations are shownhbte3&/| and VIl for the 24

hour and 90 day groups, respectively. Tables I\éh also show the number of

specimens per group that debonded prior to testimgyell as those that failed to debond
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near the upper limit of the 125 N load cell us@the characteristic shear bond strength of
Weibull distribution is shown in Table VII. Tabl&s and X show the inter-group
differences for the shear bond strength compariab@4 hours and 90 days,
respectively. Figure 9 shows the estimated sulfirection of the groups at various
bond strengths using the individual observatiortsjenFigure 10 shows the estimated
survival function curves based on the Weibull model

The groups listed in decreasing order of shear Istrethgth after 24 hours were:
RU > RA > MA > FP > ME > SC. There was no stat@lly significant difference
between RU, RA, and MA, which had significantly iy shear bond strengths than FP,
ME, and SC; FP had significantly higher bond stterigan SC. At 24 hours, SC and
ME showed no difference (p=0.3090) in shear borehgth; ME also showed no
difference to FP (p=0.0985); RU showed no diffeeestcMA (p=0.0984) or RA
(p=0.2100); and MA showed no difference to RA (gE80). In summary, compared to
the controls, at 24 hours, RU and MA performed étuA, and superior to FP. ME
performed equal to FP and FP performed better 8an

After 90 days and thermocycling, the groups listedecreasing order of shear
bond strength were: RA > RU > MA > SC > FP > MAt. 90 days, RA had significantly
higher shear bond strength than all other groug8.(%). RU had significantly higher
shear bond strength than SC, FP, and ME; MA hadfgigntly higher shear bond
strength than ME. At 90 days, FP showed no diffeedn ME (p=0.7060), SC
(p=0.5910), or MA (p=0.0557); SC showed no differeto ME (p=0.3400) or MA
(p=0.1360); and MA showed no difference to RU (880.8). In summary, compared to

the controls, after 90 days and thermocycling, nafrtee other materials had shear bond
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strengths equal to RA. RU had higher bond stretigth FP, while MA, SC and ME
performed equal to FP.

For RA, ME, and FP, there were significant differes between the 24 hour and
90 day groups ( p<0.05), indicating that there wasatistically significant effect of water
storage time and thermocycling on the shear baedgth of those materials. The ME
(p=0.0015) and FP (p=0.0014) groups decreasedisigmtiy, but the RA (p=0.0054)
group increased significantly. The RU (p=0.27804 (p=0.3210), and SC (p=0.7010)
groups showed no statistically significant effecini the extended water storage time and

thermocycling on shear bond strength.
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TABLES AND FIGURES
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TABLE |

Materials Used — Types, Dispensing Systems, andNuatbers

Group | Product Manufacturer Material Type* Dispensing Lot
system Numbers”
FP Fuji Plus GC America Resin Capsule 0809021
Alsip, IL Reinforced GIC (SBS)
0808056
(FS)
RA RelyX ARC 3M ESPE Adhesive Resin Paste-Paste GN8JA
St. Paul, MN Luting Agent “Clicker” (SBS)
GP8HX
(FS)
Adper Single 3M ESPE Bonding Agent 8UK
Bond Plus St. Paul, MN
MA Multilink Ivoclar Vivadent, SE Resin Luting Automix L37636
Automix Inc. Agent syringe w/A-B
Amherst, NY Primers
Multilink Ivoclar Vivadent, Self-Etching
Primer Inc. Primer/Adhesive L37328
AandB Amherst, NY L40477
ME Maxcem Elite | Kerr Corporation SA Resin Luting | Automix 3151076
Orange, CA Agent Syringe 3095231
(24SBS)
RU RelyX Unicem | 3M ESPE SA Resin Luting | Capsule 346262
St. Paul, MN Agent
SC SmartCem 2 Dentsply SA Resin Luting | Automix 0808051
International Agent Syringe
York, PA
Premise Kerr Corporation Indirect 2987209
Indirect Orange, CA Composite Resin

*GIC= Glass lonomer Cement, SE= Includes Separate Application of Self-Etching Dental Adhesive,
SA=Self-Adhesive Resin

#SBS= Shear Bond Strength, FS=Flexural Strength, 24SBS= 24 Hour Shear Bond Strength
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TABLE Il

Flexural Strength [Mean (MPa) and Standard Dewigtio

Material N 24 Hours 90 Days

FP 15 535+ 1.16 10.94 £2.12
RA 15 103.33 +13.93 7897 +12.34
MA 15 115.22 + 14.53 93.68+12.61
ME 15 55.25+13.86 29.69+7.48
RU 15 44.34 + 6.06 39.60+5.14
e 15 86.83+11.41 73.53+12.58
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TABLE Il

Characteristic Flexural Strength of Weibull Distriton (MPa)

Material 24 Hours 90 Days p-value
FP 6 12 <0.0001
RA 110 85° <0.0001
MA 122 99 <0.0001
ME 61 33 <0.0001
RU 47 42 0.0063
e 92 79° 0.0012

The same superscripted letters indicate no significant difference in 90 day data (p>0.05).

The given p-values are for 24 hour and 90 day differences of a material.
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TABLE IV

Inter-Group Differences for 24 hour Flexural StrgnGomparisons

FP RA MA ME RU SC

FP - <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001

RA | <0.0001 - 0.0208 | <0.0001 | <0.0001 | 0.0001

MA | <0.0001 | 0.0208 - <0.0001 | <0.0001 | <0.0001

ME | <0.0001 | <0.0001 | <0.0001 - 0.0003 | <0.0001

RU | <0.0001 | <0.0001 | <0.0001 | 0.0003 - <0.0001

SC | <0.0001 | 0.0001 | <0.0001 | <0.0001 | <0.0001 -
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TABLE V

Inter-Group Differences for 90 day Flexural StrégnGomparisons

FP RA MA ME RU SC

FP - <0.0001 | <0.0001 | <0.0001 | <0.0001 | <0.0001

RA | <0.0001 - 0.0011 | <0.0001 | <0.0001 | 0.2010

MA | <0.0001 | 0.0011 - <0.0001 | <0.0001 | <0.0001

ME | <0.0001 | <0.0001 | <0.0001 - 0.0003 | <0.0001

RU | <0.0001 | <0.0001 | <0.0001 | 0.0003 - <0.0001

SC | <0.0001 | 0.2010 | <0.0001 | <0.0001 | <0.0001 -
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TABLE VI

Shear Bond Strength, 24 hour [Mean (MPa) and Stdridaviation]

Material N Early Debond | Failure to Debond 24 Hours

FP 24 1 0 2.17+1.63
RA 24 0 4 4,76 £2.84
MA 25 1 4 3.92+2.90
ME 24 1 0 1.45+0.82
RU 25 0 5 6.26 + 1.80
e 22 2 0 1.28+1.30
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TABLE VII

Shear Bond Strength, 90 day [Mean (MPa) and Stdridaviation]

Material N Early Debond | Failure to Debond 90 Days

FP 22 2 0 0.86 + 1.08
RA 24 0 13 7.39+2.29
MA 21 2 4 2.66 £ 3.50
ME 23 2 0 0.63+0.73
RU 24 0 3 5.59 +2.02
e 21 2 0 1.16 +1.48
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TABLE VI

Characteristic Shear Bond Strength of Weibull Ghsttion (MPa)

Material 24 Hours 90 Days p-value
FP 2.3° 0.7 0.0014
RA 5.9° >9.5° 0.0054
MA 4.6° 2.5°¢ 0.3210 *
ME 1.6°¢ 0.6 0.0015
RU 7.3° 6.5° 0.2760 *
SC 1.1° 0.9 0.7010 *

The same superscripted letters indicate no significant difference in 24 hour or 90 day data (p>0.05).
Superscripted * indicates no significant difference between 24 hour and 90 day of a material (p>0.05)
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TABLE IX

Inter-Group Differences for 24 hour Shear Bond 18tk Comparisons

FP RA MA ME RU SC
FP - 0.0001 | 0.0327 | 0.0985 | <0.0001 | 0.0410
RA | 0.0001 - 0.4380 | <0.0001 | 0.2100 | <0.0001
MA | 0.0327 | 0.4380 - 0.0005 | 0.0984 | 0.0006
ME | 0.0985 | <0.0001 | 0.0005 - <0.0001 | 0.3090
RU | <0.0001 | 0.2100 | 0.0984 | <0.0001 - <0.0001
SC | 0.0410 | <0.0001 | 0.0006 | 0.3090 | <0.0001 -
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TABLE X

Inter-Group Differences for 90 day Shear Bond SjtlertComparisons

FP RA MA ME RU SC
FP - <0.0001 | 0.0557 | 0.7060 | <0.0001 | 0.5910
RA | <0.0001 - 0.0094 | <0.0001 | 0.0046 | <0.0001
MA | 0.0557 | 0.0094 - 0.0235 | 0.0918 | 0.1360
ME | 0.7060 | <0.0001 | 0.0235 - <0.0001 | 0.3400
RU | <0.0001 | 0.0046 | 0.0918 | <0.0001 - <0.0001
SC | 0.5910 | <0.0001 | 0.1360 | 0.3400 | <0.0001 -
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FIGURE 1: op - stainless steel split mold foabtln flexuréltnth
testing specimens; Bottom — excess material cdydfilhmed with scalpel blade
prior to removal of specimen from the split mold.
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» CAUTION =

USE PLASTIC SHIELD
FOR COMPRESSIVE TESTING

FIGURE 2: Top — flexural strength/three-point-bigdtesting apparatus on MTS
machine; Bottom — close view of apparatus.
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FIGURE 3: Molar preparation: Top — removal of gsisnd occlusal enamel; Bottom —
sequence of steps for mounting molars in acrykore
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FIGURE 4: Indirect resin cylinder fabrication: Tapft — stainless steel split mold; Top
Right — resin placement into mold; Middle Left i@l photopolymerization; Middle
Right — additional polymerization; Bottom — Premisdirect HP curing unit for final

polymerization.
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FIGURE 5: Top — indirect resin cylinder luted tendin; Bottom — 1 kg load placed on
resin prior to photo initiation of polymerization.
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FIGURE 6: Top — shear bond strength/knife-edgeaustesting apparatus on MTS
machine; Bottom — close view of apparatus.
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FIGURE 7: Flexural strength plot: The ‘jaggedvas plot the survival functions using
the individual observations.
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Fuji Plus 1 day Maxcem Elite 1 day Relyx Unicem 1 day
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FIGURE 8: Flexural strength plot: The smoothee@dimre the survival curves fitted by
the Weibull models
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FIGURE 9: Shear bond strength plot: The 'jagged/es plot the survival functions

using the individual observations.
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FIGURE 10: Shear bond strength plot: The smoolined are the survival curves fitted

by the Weibull models.
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DISCUSSION
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Self-etching/self-adhesive luting agents are atingdly new category of luting
agent. Described as being almost “universal” grtapplication, they are still resin
luting agents. It must be determined whether dreycapable of performing like
conventional etch and rinse resin luting agentsnv@ntional resin luting agents have
provided the greatest bonding ability for indirezstorations, particularly when required
on over-tapered preparations when compared toptinsphate and glass ionomer
cements? The self-etching/self-adhesive luting agents sifijmghe cementation
techniqgue and have the potential to decrease pesative sensitivity and technique

sensitivity> *°

It is desirable to test and know the comparatatire of the newer self-
etching/self-adhesive luting agents, with respet¢hé physical and mechanical
properties that they possess, to ultimately esgérokical performance. The current
study was designed to test and compare the flestneigth and shear bond strength of
some self-etching/self-adhesive luting agents th baconventional resin luting agent

and a resin-modified glass ionomer luting cement.

Considerable differences in flexural and sheadbsirengths were noted among
the tested luting agents. The results of the sggbdy to the specific conditions of this

study and all specimens were treated the sameghoot the study.
FLEXURAL STRENGTH

There was a significant variation in the resultshef three-point-bending tests of
the six materials. The resin-modified glass ionolgng cement, FP, had the lowest

flexural strength, consistent with other studie’s.
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The tested self-etching/self-adhesive resin luéiggnts had greater flexural
strength than the resin-reinforced glass ionontarduicement tested. For comparison
between the etch and rinse resin luting agent laadeisted self-etching/self-adhesive
luting agents, the flexural strengths varied im#gigance. At 90 days, SC (p=0.2010)
was not statistically different from RA. At botd Bours and 90 days, MA had greater
flexural strength than RA. ME and RU had lowekiieal strengths than RA for both
time periods. MA uses a separate self-etchingerigring its bonding procedure. The
primer was not incorporated into the fabricationhaf flexural strength specimens. Thus,
a reasonable expectation was that the flexurahgtincbeams of MA would have had
similar chemical composition to a traditional rekiting agent. The results did not

support that expectation.

The aging of the flexural strength specimens, biewstorage and thermocycling,
had a significant effect on all of the materiakstéel (p<0.05). All of the materials
showed a significant decrease in flexural strengtleept for FP. FP showed an increase
in flexural strength from 24 hours to 90 days. sTiwas consistent with a study that
showed an increase in flexural strength over apesf 150 days. The increase in
strength is believed to be due to the maturati@hranonstruction of the silicate network
during the period of time after the gelation thetwrs as the cross-linking is being

completed*

SHEAR BOND STRENGTH
Stresses placed on tooth-restoration complexegmirasa variety of types,

mainly tensile and she&t. The shear bond strength test was used in thily stu
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Indirect resin composite cylinders were luted tatdesurfaces with the intention
of reproducing the clinical situation of deliveriag indirect restoration. Adhesion of the
luting cements to the processed composites hasdiffenlt to achieve, so it has been
recommended to roughen the surface by sandblasitmyed by silanation, to enhance
the retention between resin luting agents andrttiesict composite$. The resulting
data were difficult to directly compare to othardies due to differences in materials
used and testing conditions. For example, sontkestapplied cylinders of luting
materials directly to the dentin in order to tryget pure bond strength data without any
possible bonding effects from restorative matefidfs

It is important to consider the difference in faduype. The difference between
an adhesive failure (luting agent-dentin or lutaggnt-restorative material) and a
cohesive failure (in luting agent) may also giveratication of material properties of the
luting agents. Studies support that the self-atplself-adhesive luting agents tend to
favor adhesive failure§ whereas the etch and rinse luting agents favoesiol
failures’ or mixed adhesive/cohesive failufe$® No evaluation was done in the present
study to determine the type of failure in the sHeard strength test. If there have been
cohesive failures within the material itself, thenan be assumed that the adhesive
bonding effectiveness would be at least superitihéacohesive strength. This may be
particularly important with the FP, reinforced glasnomer luting cement, since glass
ionomer cements have been shown to fail more frattyuim a cohesive mannér.
Adhesive failures might have occurred at the delutimg agent interface, or at the
indirect resin-luting agent interface. The intentivas to have the dentin-luting agent

interface evaluated in this study. A future lookhee debonded specimens may indicate a
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specific deficiency in some of the materials test&th regard to their bonding
effectiveness to either particular substrate.

Thermocycling has been shown to possibly havgrfgant effect on bond
strength to dentifr.*?> However, it has also been shown that it mighthaste any effect
on dentin bond strength, while significantly desiag bond strength to enamel for the
self-etching/self-adhesive resin luting agéehts.

This study found that water storage and thermoogdignificantly decreased
(p<0.05) the bond strengths of FP and ME. Thenewe significant differences
between the time groups of MA (p=0.3210), RU (p#6@ and SC (p=0.7010). The
present study found that the shear bond strengtieaétch and rinse resin luting agent,
RA, significantly increased (p=0.0054) after wattarage and thermocycling. This type
of increase had been previously reported with rieging agents and self-adhesive resin
luting agents to various ceramics over 14 d&But no increases have been found in
dentin bond strengths.

It is not known why the RA group had such an insesi@m shear bond strength
after 90 days and thermocycling in this study. o5gble explanation may result from
the fact that, as a dual-curing resin, the RA rading agent may continue to undergo
polymerization after 24 hours. There may be aediffice in the degree of conversion
between 24 hours and 90 days. The flexural sthestygpwed a decrease in that time, as
the specimens were completely exposed to the \matethermocycling during that
storage period. The shear bond strength specimagsave had some protection from
the effects of water, by the presence of dentinthedndirect resin material, not allowing

as much water sorption and subsequent degraddtibe tuting agent. Further testing of
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the material and possible re-testing of these ggauith a larger load cell might reveal
different results.

No difference was found between MA and RU aftertiocycling, similar to
results found in another studfy. Taking into consideration the effect of aging by
thermocycling, it is difficult to compare betwedndies, as shown by different results

having been found between sites in a multi-centeiat?

Originally, a sample size of 20 for the shear bsimength testing was planned.
Some additional samples (4 per group) were matteeievent of unplanned loss. Due to
some premature debonding and also some failureliordl, there is a variation of sample
sizes for the shear bond strength groups. Therésilto debond happened because of
using a small (125N) load cell, and approachingniagimum load sometimes before
debonding could occur. The differences in grouppa sizes did not induce any
difference in the calculated results. Pre-testiilgres have been noted in other studies.
8 RA and RU were the only groups that did not hawe pre-testing failures. RA, RU

and MA were the only groups that had specimensféilat to debond.

Differences in the performance of the variety & felf-etching/self-adhesive
luting agents, in thig vitro study, may be explained by the difference in pdaisi
properties of the materials. A 2007 study in whittee of the tested agents (ME, SC
and RU) were tested for pH value, film thicknederfparticle percentage, and
morphological changes, showed that there werefgignt differences in the materials
tested and that might lead to a difference in ciihperformancé® Of these materials,
there were not any significant differences in filbarticle percentage or film thickness,

but there were significant differences in the ptuea’®
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The newer resin luting agents with self-adhesiyeabdity are formulated to
dispense in an acidic state, with a pH well belbe/neutral level of 7 (approximately pH
2). This allows them to demineralize and penetratethe tooth. Reactions in the oral
environment cause the pH levels to increase as tneserials polymerize. In most
cases, however, these cements do not reach nebleatralization allows the luting
agent to become more hydrophobic, a prerequisitert@ining intact in a moist
environment. (RelyX Unicem Technical Product Peyf8M ESPE). The Han et3l.
study supported this for some of the materials uséde current study. Even after 48
hours, the SC (pH 4) and ME (pH 2.4) luting ageatsained very acidic, whereas RU
(pH 7) achieved neutral acidily. It is speculated that at a prolonged low pH ctouj
there might be an adverse effect on luting agesthtinterface’? This may explain why
the current study showed SC and ME performing etpuaach other at both 24 hours
(p=0.3090) and 90 days (p=0.3400), and how RU pmd significantly better than both
SC or ME at both 24 hours and 90 days (p<0.05nil&i to the data in this study, other

studies have shown that RU had outperformed MEstirtg® **

The present study did not evaluate the bond stinelogtnamel, but based on
many other studies, the self-etching/self-adhelsitreg agents bonding to enamel is
inferior to etch and rinse systerh4.® ® ' The bond strength to enamel has been shown
to improve and become comparable to etch and systems when preceded by acid
etching, but that acid etching prior to applyingedf-adhesive luting agent showed a
detrimental effect when bonding to dentifi. These findings may make it reasonable that
self-etching/self-adhesive resin luting agents mighused in any clinical situation, but

to selectively etch only enamel and not dentin wWaehuire great precision. This would
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contradict the idea that self-etching/self-adhesdgn luting agents are less technique-
sensitive and less time-consuming to use.

Shear bond strength was chosen for this studyrdi#insile bond strength is
another frequently performed test and is referemecady times. The study design
allowed for the larger testing surfaces requirgdtie shear bond strength test. The
shear test is easier to perform, as Welllhe absolute values of the different tests cannot
be directly compared between studies, but conahgstan be made regarding the
rankings of the tested materials.

Despite a short term clinical study that showedlamperformance of RU
compared to zinc phosphate cemérdijnical data is insufficient, as the self-etchisef-
adhesive luting agents have only been availahlees?002.

The testing procedures of this study differed imynaays from a clinical
situation, which must be remembered when tryingxioapolate any direct clinical
implications.

When it is time to choose a material for a giveimy opportunity, almost every
situation is unique. There are many differentatales to consider: restoration type
(metal, composite, silicate based ceramic, alurairarconia ceramics); tooth substrate
(enamel margins, dentin, metal or composite rest@ duild-up materials); preparation
taper; tooth location and functional load expect@dlifferent material may be preferred
for each combination. As a clinician, and for cenkence, it would be desirable to be
able to use the same luting agent for every saunatiSupply ordering decisions would

also be simplified.
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There are many other self-etching/self-adhesivia teing agents on the market.
There is potential for some to provide mechaniesfggmance similar to conventional
resin luting agents. They also offer a simpless leechnique-sensitive approach to luting
indirect restorations. However, due to the valigbbetween the different products
tested, it may not be assumed that all of the dugigents in this classification are capable
of the same performance. Further investigatiomofe properties and performance of
the new materials is necessary as other mateealsnbe available. Along with clinical
studies based on performance, it will be many nyese's until a clear picture is available
to determine whether these self-etching/self-adeessin luting agents hold up to their
potential when compared to traditional resin lutaggents.

The null hypothesis that all of the luting agentsud not have differences in
flexural strength at 24 hours or 90 days was regeciThe only luting agents that did not
have significantly different flexural strengthsesther time period were the 90 day RA
and SC groups.

The null hypothesis that all of the luting agentsud not have differences in
shear bond strength at 24 hours or 90 days wasegted. At 24 hours, RU and MA

performed as well as RA. At 90 days, however, Rfificantly outperformed all others.

Based upon the results of thisvitro study, it can be concluded that the self-
etching/self-adhesive luting agents, in the flekateength and shear bond strength tests,
performed at least as good as the resin-modifiagisgbnomer luting cement. In some

cases they were as good as the traditional etchiselresin luting agent.
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SUMMARY AND CONCLUSIONS
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Traditional resin luting agents generally have hegthanical properties that are
superior to the newer so-called “universal” setfireg/self-adhesive resin luting agents.
However, recent reports indicate that some progeedf these new luting agents have
been improved, approaching those of the traditietai and rinse resin luting agents.
Dentin bond strengths are greater than enamel sivedgths of the self-etching/self-

adhesive luting agents.

The objective of this study was to test some meichhproperties of four of these
self-etching/self-adhesive resin luting agents (b&am Elite, Multilink Automix, RelyX
Unicem, SmartCem 2) and compare them to a traditietch and rinse resin luting agent
(RelyX ARC) and a resin-modified glass ionomerrgtcement (Fuji Plus), both of
which have longer histories of clinical succesy. cBmparing the properties of the newer
luting agents to the older materials, it may besgae to determine how clinically

successful the newer luting agents may be.

The flexural strength and shear bond strengthkeofriaterials were tested after
storage in distilled water for 24 hours or 90 dayse 90 day groups were thermocycled

to simulate accelerated aging. A Weibull-distribntsurvival analysis was performed.

The results revealed significant differences infteeural strength of all materials
tested at 24 hours. Extended water storage anchtiogcling had significant effects on
the flexural strength of all groups. After 90 daysl thermocycling, only SC and RA
were not significantly different (p=0.2010). Atthdime periods, FP had the lowest and

MA the highest flexural strength.
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The shear bond strength test results showed RUaRAMA to have the highest
bond strengths, followed by FP, while ME and SC thedlowest at 24 hours. After 90
days and thermocycling, RA had significantly highend strength than all other groups,
followed by RU and MA, while SC, FP, and ME had lbwest. The effect of time in
water and thermocycling showed mixed results. MiAe RU, and SC groups showed no

significant effect of the extended time in wated @imermocycling.

The self-etching/self-adhesive resin luting agatitperformed at least as well as
FP, with the exception of SC (24 hour shear borehgth). They did not perform as
well as RA, with the exception of SC (90 day flexdwstrength), MA (24 hour shear bond
strength, 24 hour flexural strength, and 90 dayuital strength), and RU (24 hour shear
bond strength). Based on a review of the liteeturd the results of this study, the newer
luting agents should expect to have clinical susegdeast as good as resin-modified
glass ionomer luting cements. They should apprtfaeltlinical success of traditional
etch and rinse resin luting agents for the routitieg of indirect restorations to
preparations consisting predominantly of dentirmwver, for clinical applications that
have sufficient enamel present and/or high-streagthhigh-retentive requirements, the

traditional etch and rinse resin luting agents watlll be the material of choice.
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FLEXURAL STRENGTH AND SHEAR BOND STRENGTH

OF SELF-ETCHING/SELF-ADHESIVE

RESIN LUTING AGENTS

by

Richard S. Adcook
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Indianapolis, Indiana

Traditional resin luting agents generally have hagical properties that
are superior to the newer so-called “universalf-se&thing/self-adhesive resin luting
agents. However, recent reports indicate that qumoygerties of these new luting agents
have been improved, approaching those of the ioaditetch and rinse resin luting

agents.
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The objective of this study was to test some mechhproperties of four of these
self-etching/self-adhesive resin luting agents [baxr Elite (ME), Multilink Automix
(MA), RelyX Unicem (RU), SmartCem 2 (SC)] and comgthem to a traditional etch
and rinse resin luting agent [RelyX ARC (RA)] anceain-modified glass ionomer luting
cement [Fuji Plus (FP)], both of which have muchder histories of clinical success. By
comparing the properties of the newer cementsastindards, it may be possible to

determine how clinically successful the newer ceseray be.

The mechanical properties tested were flexurahgtre(FS) and shear bond
strength (SBS). The FS test included making bezfreach material, storing them in
water for periods of time (24 hours and 90 daysl) thien performing a three-point
bending test on a universal testing machine. Thday groups were thermocycled. The
SBS test involved preparing human molar specinmaagjng flat dentin surfaces.
Composite cylinders were fabricated, luted to teetth surfaces with each of the
materials tested, stored in water for periodsrogt(24 hours or 90 days), and then a
knife edge shear test was performed on a univegsahg machine. The 90 day groups

were thermocycled. A Weibull-distribution surviveatalysis was performed.

The results revealed significant differences inFeof all materials tested at 24
hours. After 90 days and thermocycling, only S@ BA were not significantly
different. At both time periods, FP had the lonasi MA the highest FS. The SBS
results showed MA, RA, and RU to have the highesidbstrengths; SC and ME the
lowest at 24 hours. After 90 days and thermocyg¢IRA had significantly higher bond

strength than all other groups; ME, FP and SC hadawest.
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The self-etching/self-adhesive resin luting agatitperformed at least as well as
FP, with the exception of SC (SBS 24 hour). Thielymbt all perform as well as RA,
with the exception of SC (FS 90 day), MA (SBS 24h&S 24 hour and 90 day), and
RU (SBS 24 hour). The newer luting agents shoxjgket to have clinical success,
regarding flexural strength and shear bond streragtieast as good as resin-modified
glass ionomer luting cements and approach the téehditional etch and rinse resin

luting agents.



